Background It has been suggested that low socio-economic position (SEP) during childhood and adolescence predicts risk of adult type 2 diabetes. We investigated the associations between type 2 diabetes and childhood SEP (fathers' occupational position), participants' education and adult SEP (participants' occupational position). To determine possible independent associations between early SEP (fathers' occupational position and participants' education) and disease, we adjusted for adult SEP and factors present in adult life associated with type 2 diabetes.
Introduction
Several studies have recognized the influence of low socioeconomic position (SEP) throughout the life on morbidity and mortality. 1 Some, [2] [3] [4] [5] but not all 6, 7 have found an independent association between lower SEP in childhood and increased risk of type 2 diabetes and cardiovascular disease in adult life. The underlying processes are not yet fully understood, although associations between lower SEP in childhood and adult risk factors such as obesity, smoking and leisure time physical inactivity are of importance. 8, 9 In type 2 diabetes research there are few studies examining the possible influence of childhood and adolescence SEP, although it has been identified as an important issue. 10 One approach to determine associations between early socio-economic circumstances and morbidity in adulthood is to adjust for conditions in adulthood. 5 We first aimed to investigate SEP at three points in life, i.e. childhood and adolescence (fathers' occupational position), education, and adult occupational position, in association with type 2 diabetes and impaired glucose tolerance (IGT). Second, to determine possible independent associations between early SEP (fathers' occupational position and participants' education) and disease, we adjusted for adult SEP, family history of diabetes (FHD) and factors in adult life associated with type 2 diabetes risk, such as physical inactivity, overweight, smoking, low sense of coherence (SOC) and work stress.
Subjects and methods

Study design
The design of this cross-sectional study, from the baseline study of Stockholm Diabetes Prevention Programme has been described in detail previously. 11, 12 The study includes 7949 subjects (3128 men and 4821 women) aged 35-56 years at time of examination (1992-1994 and 1996-98, respectively), residing in five municipalities in Stockholm County Council ( Figure 1 ). All study individuals were identified by the Stockholm County Council register. The collection of data was performed in two steps. In the first step, a questionnaire was sent by mail to all identified men and women aged 35-56 years, living within the study area (n ¼ 12 952 and 19 416, respectively). The questionnaire contained questions on country of birth, previous diabetes diagnosis and FHD. Completed questionnaires were returned from 79% (10 236/12 952) of the men and 85% (16 481/19 416) of the women. At this stage 4801 (47%) men and 8178 (50%) women were excluded from further study, due to already diagnosed diabetes (type 1 or type 2), incomplete answers, foreign origin, moving out of municipality, death and mental retardation and not fulfilling the criteria of FHD i.e. having at least one first (parents or siblings) or two second-degree relatives (grandparents, uncles or aunts) with diabetes.
In the second step, all men (2106) and women (3583) with FHD were invited to participate in a physical health examination, along with 2424 randomly selected men and 3497 women without FHD but who were matched to the first group according to age and municipality. Moreover, 424 women reporting previous gestational diabetes were invited.
Totally 3162 (70%) men and 4946 (70%) women agreed to participate in the health examination. The others were not available, had no wish to participate or had died. At the health care centre, additionally 33 (1%) of the men were excluded due to insufficient FHD and 129 (2%) of the women were excluded due to intake of medication, pregnancy or breast-feeding. Thus, the final study sample consisted of 3128 men and 4821 women.
During the health examination, an oral glucose tolerance test (OGTT) was administered in the final study sample and weight, height and blood pressure were measured. In addition, the participants responded to a detailed questionnaire on lifestyle factors including physical activity, smoking, psychosocial factors and SEP (occupation, education and their fathers' occupation).
Postal questionnaire to all men and women aged 35- In the female sample a total of 3979 (83%) were included in the analyses of father's occupational title (42 with diabetes and 140 with IGT). The others were not included due to the following reasons: 27 were missing occupational titles, (one with diabetes and one with IGT), 449 were self-employed (5 with diabetes and 17 with IGT), 275 were farmers (two with diabetes and seven with IGT) and 91 were unclassified workers (two with diabetes and two with IGT).
Education
Educational level was based on the question, 'What education do you have?', and the responders were asked to state their highest level of education. The response alternatives were; 'elementary school or nine-year compulsory school', 'junior secondary school', '2-year secondary high school', '3-4 year secondary high school', 'university or college of higher learning' and 'other education'. We formed three groups, high (university), middle ('3-4 year secondary high school' and '2 year secondary high school') and low ('elementary school or nineyear compulsory school' and 'junior secondary school'). In the male sample a total of 3053 (98%) men were included (52 with type 2 diabetes and 169 with IGT) and in the female sample 4680 (97%) were included, 49 with diabetes and 160 with IGT. Those who stated 'other education' (n ¼ 60, three with diabetes and two with IGT in the male sample and n ¼ 136, three with diabetes and seven with IGT in the female sample) were excluded from further analysis.
Adult SEP Adult SEP was measured by occupational position, based on self-reported occupational titles and classified the same way as the fathers' position. A total of 2864 men (92%) (49 with type 2 diabetes and 154 with IGT) and 4509 women (94%) (48 with type 2 diabetes and 152 with IGT) were included in the analysis. Reasons for exclusion have been described in detail previously. 15 Classification of factors in adult life associated with type 2 diabetes risk Physical activity, measured from the question on physical activity during leisure hours, was based on four response alternatives and categorized into three groups; low (sedentary), middle (moderately active) and high (regular exercise and training). Body mass index (BMI, kg/m 2 ) was used to assess overweight and divided into three groups (<25, 25-29.9 and 530). Smoking was divided into non-smokers (non-smokers included former smokers), 1-15 and 516 cigarettes per day. FHD was categorized as positive, including at least one first (parent or sibling) or two second-degree relatives (grandparents, uncles or aunts) or negative i.e. no close relative with diabetes.
We have previously found that self-reported psychosocial factors such as low decision latitude at work and low SOC was associated with type 2 diabetes in women. 12 However, no obvious associations were observed in men. 15 Decision latitude at work derives from the demand-decision latitude model introduced by Karasek and Theorell 16, 17 and describes person's skills and ability to master their work activities. 18 We analysed five out of six questions from the original questionnaire. Each question contained four response options; 'almost always', 'often', 'seldom' and 'never'. From these responses each question was given a point ranging from 1-4, and then we calculated a summed score from all questions. From the distribution of scores among all respondents three groups were created from the upper, median and lower quartile, representing high, middle and low decision latitude. SOC, a paradigm developed by Antonovsky, 19 was based on three questions on comprehensibility, meaningfulness and manageability. We used a simplified way of measuring SOC that has been recommended previously. 20 The original questionnaire consists of 29 items that are based on three dimensions (comprehensibility, meaningfulness and manageability). Each question consisted of three response alternatives, 'yes, most often', 'yes, sometimes' and 'no'. From the distribution of scores among all respondents four groups of SOC were created, i.e. high, upper middle, lower middle and low.
Statistical analysis
Prevalence odds ratios together with 95% confidence intervals (CI), were calculated with logistic regression analysis using SAS statistical package version 8.2 for Windows. 21 Due to the relatively low prevalence of cases in this study, odds ratios were interpreted as relative risks (RR). 22 Analyses were performed on men and women separately. First, we estimated age-adjusted RR for childhood and adolescence SEP (fathers' occupational position), participants' education and adult SEP in association with type 2 diabetes and IGT. Then, to investigate possible independent associations between disease and early SEP (fathers' occupational position and participants' education), we adjusted for adult SEP, established risk factors and psychosocial factors in adult life, as recommended previously. 5 We regarded these factors as having an influence on the association if they changed the effect estimates more than 10-15%. 23 
Results
SEP at three points in life
In both men and women, increased RRs of type 2 diabetes were found if their fathers had middle compared with high occupational position (RR ¼ 2.0; CI 0.7-5.6) and (RR ¼ 2.3; CI 1.0-5.1), respectively ( Table 1) . No apparent associations with type 2 diabetes were observed in men if their fathers had low occupational position, although the point estimates were somehow increased. In women, type 2 diabetes and IGT were not associated with father's low occupational position.
There was an association between low education and IGT in men, (RR ¼ 1.5; CI 1.0-2.4), as well as between low education and IGT and type 2 diabetes in women (RR ¼ 1.4; CI 1.0-2.1) and (RR ¼ 2.5; CI 1.2-4.9), respectively (Table 1) . However, lower (middle and low) education was not obviously associated with type 2 diabetes in men.
Adult SEP in association with IGT and type 2 diabetes have previously been reported in these men and women, 15 showing
an increased risk in all groups except for IGT in men with lower occupational position (Table 1) .
Early SEP after adjustment for adult risk factors
To determine possible independent associations between early SEP (fathers' occupational position and participants' education) we adjusted for adult factors (adult SEP, established and psychosocial) associated with type 2 diabetes risk. In men, the associations between type 2 diabetes and fathers' lower (middle and low) occupational position seemed to be influenced by adult SEP (Table 2) . Although low educational level was not apparently associated with type 2 diabetes, the association was influenced by adult SEP, physical inactivity, BMI, smoking and FHD. In women, the association between father's middle occupational position and type 2 diabetes decreased after adjustment for BMI and physical inactivity ( Table 2 ). In addition, the association between low education and type 2 diabetes in women, was diluted after adjustment by adult factors such as; adult SEP, BMI, smoking, low decision latitude at work and low SOC. In men, the associations between IGT and low educational level decreased after adjustment for BMI (Table 3 ). In women, the association between low educational level and IGT disappeared after adjustment for adult SEP and BMI in women (Table 3) .
Discussion
When we investigated SEP at three points (fathers' occupational position, participants' education and adult occupational position) in the life course, we first found that fathers' middle Table 1 Relative Risks (RRs) with 95% confidence intervals (CIs) for IGT and type 2 diabetes (in men and women aged 35-56 years) in association with fathers' occupational position, participants' education and present occupational position Table 2 Relative Risks (RRs) with 95% confidence intervals (CIs) for type 2 diabetes (in men and women) in association with fathers' occupational position and participants' education after adjustment for adult occupational position, established and psychosocial factors occupational position was associated with type 2 diabetes in women. Second, low educational level was associated with type 2 diabetes and IGT in women as well as with IGT in men. Third, as published previously, middle and low adult occupational position was associated with type 2 diabetes in both men and women, and with IGT in women. 15 When we adjusted for adult SEP and adult factors associated with type 2 diabetes risk, the associations between early SEP (fathers' occupational position and participants' education) and disease disappeared. Few studies have assessed the association between childhood SEP and type 2 diabetes, although one study found that parents' education was associated with type 2 diabetes in adult men. 2 In addition, two studies demonstrated that childhood SEP, measured by fathers' occupational position, was associated with insulin resistance in women. 24, 25 Type 2 diabetes and cardiovascular disease (CVD) share some causes 26 hence it is also of interest to discuss epidemiological findings in type 2 diabetes in relation to CVD. Numerous studies have examined the effects of life course SEP in relation to cardiovascular and coronary heart disease (CHD). 1 For example, one study performed in English men showed that fathers' lower occupational position was associated with CVD mortality, and this association persisted after adjustment for systolic blood pressure and smoking. 3 Another study in men from the west of Scotland found that childhood SEP was independently related to CHD after adjustment for adult social position and adult risk factors associated with CVD risk. 5 In a Swedish cohort, childhood SEP was independently related to ischaemic heart disease, although adult SEP decreased the association to some extent. 4 Additionally, two studies performed in women found greater risks of CVD mortality with poorer childhood SEP. 27, 28 In the first study, the associations persisted after adjustment of adult SEP and other risk factors, while in the second study adjustment was made only for adult SEP. In our study, fathers' middle occupational position in association with type 2 diabetes in women and to some extent in men, as well as low educational level in association with IGT in men and type 2 diabetes and IGT in women, disappeared after adjustment for adult SEP and adult factors associated with type 2 diabetes risk. There are a few previous studies on CVD showing that childhood SEP is not independently associated with the disease. For example, in one Finnish study, the association of fathers' lower occupational SEP with CVD mortality was explained by adult SEP. 29 In another Finnish study no effect of childhood SEP was found in relation to CVD after adjustment for adult SEP. 6 Moreover, one study in women found that childhood SEP was not apparently associated with CVD, either before or after adjustment for risk factors. 30 In addition, in the Nurses Health Study there was no effect of fathers' occupational position on the risk of CHD in women. 31 We found that, fathers' middle occupational position and lower educational levels were more obviously associated with type 2 diabetes in women than in men. It has been suggested that the social position is more persistently influenced by the family background in women than in men. 32 Hence, it is possible that fathers' lower SEP is a stronger predictor for adult type 2 diabetes in women than in men. On the other hand, associations of early SEP with type 2 diabetes disappeared after adjustment for adult SEP and other risk factors. It remains unclear, however, why only fathers' middle and not low occupational position was associated with type 2 diabetes. It may be hypothesized that cases excluded prior to this study had more severe diabetes due to poorer socio-economic circumstances, and thus the influence of fathers' low SEP was underestimated. SEP was investigated at three stages in the life course, where education has been suggested to belong to early rather than adult life. 33 Although we could identify some effects from early SEP before adjustment for risk factors, adult SEP influenced these associations substantially, thus suggested to be an important confounding factor. Hence, we cannot exclude the possibility that adult SEP is a summary measure reflecting SEP throughout the life course. Moreover, it may also be possible that adult SEP and adult risk factors are in the pathway between childhood SEP and the outcome, thus not being confounders. Adult SEP has been found to be more important for CHD risk in men 7 and women 34 than early SEP. Moreover, the two Finnish studies on CVD, 6, 29 suggested adult SEP to be an important confounding factor when analysing fathers' occupational position. In contrast, one study investigating SEP at three points in the life course, found that mortality risk was similar at each stage of life. 35 When education was analysed in association with type 2 diabetes in men, adult risk factors as well as adult SEP seemed to be important confounding factors. In addition, as published previously, 14 established risk factors made contributions to some extent in explaining inequalities in adult SEP in men. In women, overweight seemed to be an important confounding factor for the association between fathers' middle occupational position and type 2 diabetes. Also in women, however, adult risk factors seemed to be important confounding factors as we analysed education and adult SEP. 15 This may reflect that risk factors implicated in the development of type 2 diabetes accumulate as a result of socio-economic disadvantage over the life course. We need to account for some methodological issues when interpreting the results of the present study. First, the participants answered questions about their former lifestyles, which may introduce recall bias, especially since the respondents were asked to recall family and childhood conditions. However, all participants responded to the questionnaire prior to their diagnosis. Hence, possible misclassification should not overestimate the RRs. In addition, recall of childhood SEP has been shown previously to be reliable in a middle-aged population in the US. 36 Second, it is possible that occupational titles classified according to the Swedish classification system may result in too broad categories to be homogenous as for a single socio-economic group, and therefore some subjects may not be coded in the correct group. However, this misclassification will be the same for cases and controls and should not affect the results. Third, our cross-sectional study design entails that the direction of causation cannot be known with certainty, hence, having lower SEP may be a result of type 2 diabetes. However, this seems rather unlikely since we measured childhood and adolescence SEP which are factors that most likely preceded the participants' disease. Moreover, those who were diagnosed with diabetes prior to the study were not included and, as mentioned previously, the participants did not know about their disease status when answering the questions. Fourth, it may also be questioned, as discussed previously, if those who were diagnosed with diabetes before this study had lower SEP throughout the life course. However, we do not have any information on excluded cases. Nevertheless, to investigate if participants differed from non-participants with regard to SEP we collected information through record linkage to the 1990 Swedish census for the total study population. Both men and women participating in the study appeared to have slightly higher SEP than non-participants. We can only speculate how this may influence our results. However, since type 2 diabetes is more prevalent in lower socio-economic groups, and if the excluded cases had the same or lower SEP as the nonparticipating study-population, we may have underestimated the associations in the study.
In conclusion, in middle-aged Swedish men and women, the associations between lower early SEP (fathers' occupational position and participants' education), type 2 diabetes and IGT disappeared after adjustment for adult SEP and adult risk factors associated with type 2 diabetes risk. It seemed as if risk factors associated with type 2 diabetes among these men and women became increasingly important when analysing education and adult SEP as compared with childhood SEP. It is possible that factors associated with type 2 diabetes risk accumulate as a result of socio-economic disadvantage over the life course.
